Summary
Introduction twelve subjects remained carriage - (Fig. 1A) . Biopsies yielded a median of 2.3x10 5 cells (IQR:
1.6x10 5 -3.2x10 5 ) per subject, approximately 90% of which were stromal cells, which were stained 45 with a panel of thirty-eight antibodies and analysed by CyTOF (Fig. 1B , Supplementary Table 1) .
Viable immune cells were manually gated from all acquired events and subsequently clustered by hierarchical-stochastic neighbour embedding (h-sne) using Cytosplore software (Fig. 1C, 2) 48 (Abdelmoula et al., 2018; Hollt et al., 2016; van Unen et al., 2017) . H-sne is a recently developed 49 method in which t-distributed stochastic neighbor embedding (t-sne) is performed sequentially to
50
cluster first global cell populations, each of which is then in turn clustered into subpopulations.
51
Based on the expression of 37 markers, 
58
There were no significant differences in frequencies between total lineages or subpopulations
59
between carriage -and carriage + subjects. However, at a finer level seven clusters were 60 significantly higher in carriage -than in carriage + subjects (Fig. 1C , blue bars). Of note, three B cell 61 clusters were higher in carriage -subjects (Fig. 1C) . Moreover, three CD8 + T cell clusters, all expressing CD161, and one CD8 dim T cell cluster were higher in carriage -subjects than in 63 carriage + subjects (Fig. 1C) . The seven significant clusters strongly correlated (r>0.70) with eighty-64 eight clusters in other lineages/subpopulations, sixty-eight of which were in B or T cell lineages, highlighting an interconnectivity between B and T cell subpopulations in the human nasopharynx (Fig. 1C ).
We then further investigated the three B cell clusters that were higher in carriage -subjects (Fig. 
69
3A,B). All three significantly higher clusters (cluster 4, 9 and 17) expressed CD45RA, HLA-DR,
70
CD19, CCR6 and CCR7 to varying degrees. None of these clusters expressed CD38, a marker for 71 plasmablasts, or CD5, a marker for innate B cells (Hardy, 2006; Jourdan et al., 2011) . Cluster 9 72 was 2.9-fold higher in carriage -subjects (p = 0.047) and cells in this cluster expressed also low 73 levels of CXCR5 and CD27. Cluster 17 (2.0-fold higher, p = 0.049) additionally expressed the B
74
cell activation marker CD69. To assess whether the higher frequency in carriage -subjects was 75 related to increased B cells in carriage -subjects or decreased B cells in carriage + subjects, we 76 longitudinally measured CD19 + B cell frequencies in nasal microsamples collected from an 77 independent cohort ( Fig. 3C and Supplementary Fig. 1A ). Compared to baseline, B cell levels 78 decreased following pneumococcal carriage at days 2 (2.1-fold, p = 0.012), 6 (2.8-fold), 9 (2.0-fold)
79
and 27 (3.1-fold, p = 0.007) post-inoculation. In the carriage -group, B cell levels decreased 1.1-
80
fold at days 2 and 6, increased 1.2-fold at day 9 and decreased 1.2-fold at day 27, respectively and
81
were thus relatively stable.
82
Pneumococcal carriage increases circulating plasmablasts
83
We hypothesized that the depletion of B cells from the nasal mucosa following carriage 84 establishment was due to a re-circulation of activated B cells. Numbers of Spn-specific and total 85 plasmablasts were measured in peripheral blood mononuclear cells (PBMC) collected before and 86 after carriage establishment using a flow cytometry-based assay ( Supplementary Fig. 1B ). During 87 carriage, the frequency of 6B polysaccharide-specific plasmablasts among total B cells increased 88 while the frequency of plasmablasts specific to the pneumococcal protein pneumolysin remained 89 unaltered (Fig. 4A) . As a negative control we measured levels of plasmablasts specific for an 90 unrelated Spn capsular type (15B), which were not affected as expected. However, the frequency 91 of total circulating plasmablasts among all B cells increased (median 1.5x, IQR: 1.2-2.8x; p = was not due to other shifting B cell populations ( Supplementary Fig. 2A ). We then investigated plasmablasts post carriage displayed reduced numbers of CCR10 + cells, in contrast to 6B-specific 99 plasmablasts, indicating differential expansion between specific and non-specific B cell populations 100 (Fig. 4B ). This is supported by the observation that increased circulating levels of 6B 
138
IFN-and IL-17A) were assessed ( Supplementary Fig. 3B ). MAIT cells of both carriage -and 139 carriage + groups upregulated CD69 after a 3-day culture with heat-inactivated Spn ( Supplementary Fig. 3C ). However, only MAIT cells from carriage -subjects produced increased levels of TNF and
141
IFN-, but not IL-17A, upon restimulation in vitro with heat-inactivated Spn (Fig. 5D ). Conversely,
142
MAIT cells from carriage + subjects did not produce increased levels of any cytokine upon
143
stimulation. This was specific to MAIT cells as conventional CD8 + T cells responded by producing
144
small amounts of IFN-and no TNF ( Supplementary Fig. 3D ). The baseline responses of MAIT
145
cells in blood upon restimulation showed a positive correlation with numbers of nasal cells at ten days post pneumococcal challenge in CyTOF CD161 + CD8 + T cell cluster 9, which was significantly higher in the carriage -group (r = 0.54, p = 0.02, Fig. 5E ).
the human nasopharynx. Of the twenty-five clusters defined in the myeloid lineage, fifteen 152 expressed CD14 ( Supplementary Fig. 4 
170
T cells as they were predominantly negative for CD127 and two of these clusters expressed cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and CD27 (Ballke et al., 2016 Cosmi et al., 2000) .
177
Cellular distribution through the nasal mucosa
178
We then performed immunohistochemistry on a biopsy from a challenged but carriage -subject to further understand the distribution of these cells through the mucosal tissue ( 
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STAR Methods
287
Study design and sample collection
288
Healthy adult subjects were screened for the presence of natural pneumococcal carriage in nasal 289 wash samples (NW) using classical microbiology (Ferreira et al., 2013; Gritzfeld et al., 2014;  290 Gritzfeld et al., 2013) . Subjects not naturally carrying pneumococcus were then inoculated with 291 80,000 CFU per nostril of 6B type Spn as described (Ferreira et al., 2013; Gritzfeld et al., 2013) .
292
Development of nasal carriage was monitored using NW samples collected at days 2 and 7 post 293 inoculation. Growth of pneumococcus from NW samples at any time-point defined carriage positive 294 volunteers. All subjects then received a three-day course of amoxicillin and underwent a 4mm 295 nasal biopsy at day 10 post inoculation. The nasal cavity was first sprayed up to six times with lidocaine hydrochloride 5% with phenylephrine hydrochloride 0.5%. 
308
Nasal biopsy digestion
309
Nasal biopsies were finely cut using a sterile scalpel size 11 (Fisher Scientific). Pieces were then 310 incubated in 20mL pre-warmed RPMI 1640 (Fisher Scientific) with Liberase TL (250μg/mL, Sigma)
311
and DNAse I (50μg/mL, Sigma). Fragments were incubated for 45 minutes at 37°C, while shaking 312 at 250rpm at a 10° angle. At the end of the digestion, biopsies were passed five times through a 313
16-gauge blunt-ended needle (Fisher Scientific) and the digested sample was filtered over a 70um 314 filter (Fisher Scientific). This process was repeated for any remaining fragments. Cell were spun 315 down for 10 minutes at 400xg and then red blood cells were lysed using an osmotic lysis buffer. 
408
were generated based on a standard pool serum (sera of 7 Spn carriers collected at D23 post 409 challenge). Arbitrary units of IgG and IgA were assigned to the serum standard for each pathogen. testing. Data was analysed and graphs were created using 'pheatmap' and 'ggplot2' packages in R software and circular graph (Fig. 1C) was created using circos software (Krzywinski et al., 2009 ).
Normalized and debarcoded CyTOF fcs files have been deposited in the FlowRepository
422
(https://flowrepository.org/).
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